Abstract: Structural studies of peri-interactions with dimethylamino groups in naphthalene systems indicate that the N-phenylcarboxamide group has a through-space electron attracting power closer to that of a carboxylic ester than a N,Ndialkylcarboxamide, while 2-nitroalkenyl groups have a lower through-space electron attracting power. However, addition of a benzoyl group to the 2-position of the nitroethenyl group leads to cyclisation to give a zwitterion, in which the carbanion is stabilised by full conjugation with the nitro group and partial conjugation with the carbonyl group.
interaction type using an alicyclic system in which a high degree of bond formation between the groups is favoured by formation of an azaadamantane system. 21 Determining the nature of the interaction between a particular pair of functional groups is not necessarily straightforward. However, as a rough guide, we proposed that the Me 2 N---sp 2 C interactions are attractive in nature if they are less than the corresponding MeO---sp 2 C distance plus 0.15 Ǻ. 6 The latter figure is the allowance for the larger size of the N atom over the O atom, and is estimated from the Me 2 N---NMe 2
and MeO---OMe distances in peri-naphthalene derivatives containing fragments 9 and The rapidly developing field of charge density determinations from accurate X-ray diffraction data should provide rather more insight into incipient bond formation than this rather superficial approach. Indeed, charge densities of the amide 3 22 and the dicyanoethene 7 23 show (3, -1) critical points in the charge density between the interacting groups with electron densities at those points of 0.11 (1) and 0.19(2) e Ǻ -3 respectively.
To expand the range of groups in this series we decided to investigate two areas.
First, to examine the interaction with a N-phenylcarboxamide group, where the delocalization of the nitrogen atom's lone pair into the carbonyl group is moderated by conjugation with a phenyl group, by study of the molecular structures of compounds 11-13. Secondly, to examine interactions with a β-nitroethenyl group, since nitro-activated alkenes were not represented in the series so far, and to examine the effect of adding a further terminal substituent. Ph Discussion.
N-Phenylnaphthamides 11 and 12, and N,N'-diphenyl-naphthoylurea 13.
The N-phenylnaphthamides 11 and 12 containing peri methoxy or dimethylamino groups were prepared by peri-lithiation of the 1-methoxy-and 1-dimethylaminonaphthalenes followed by reaction with phenyl isocyanate. A further compound 13 was isolated from the latter reaction, arising by addition of phenyl isocyanate to the first formed adduct to give an acyl urea group. This compound was included in the study because of the different electronic character of the amide carbonyl group presented to the dimethylamino group; this amide nitrogen atom shares its lone pair with a second carbonyl group. Molecular structures were measured by X-ray diffraction at low temperatures (mostly 100 -120 K). Results are shown in Figures 1-3 , and relevant molecular geometry are presented in Table 2 . Three polymorphs of the methoxy derivative 11 were measured, two triclinic (11A, measured at 100 K, and 11C, measured at 150 K) and one monoclinic (11B, measured at 100 K). Each contained two independent molecules, and for 11C one molecule was disordered between two orientations (85:15).
Molecules 11-13 show the distortion pattern characteristic of such compounds, in which both substituents are splayed in the same direction, with the carbonyl containing group splayed outwards. The patterns of angles α -ε are similar for the three compounds and are comparable to the carbonyl derivatives discussed previously, in particular they compare closest to the carboxylic acid and ester derivatives. 1, 3 In the Nphenylnaphthamides 11 and 12 the phenyl groups lie syn to the carbonyl and the angles between the amide group and phenyl ring planes are in the range 23.6(3)-37.43 (15) o for 11 and 19.94(6)° for 12, hence the amide N atom's lone pair can conjugate with the phenyl ring's π-system (Fig 1) . Thus, the amide C-N bond lengths ( The Me 2 N----C distance in 12 is 2.6049(15) Å which is similar to the corresponding separation for peri-interaction with a carboxylic ester or carboxylic acid, but considerably shorter than for the corresponding N,N-dimethylamide 3 (2.698(2) Å).
The MeO----C distances in N-phenylnaphthamide 11 (2.574(2) -2.672(2) Å) have an average value of 2.637(2) Å which is shorter than the Me 2 N----C distance for 12 and the
phenylcarboxamide group is 0.18 Å. This suggests that the Me 2 N----sp 2 C interaction in 12 involves a significant attractive component, and the value for this parameter is a little Figure 1 . Views of N-phenylcarboxamides 11 (above) and 12 (below). 8 larger than that of carboxylic ester 4 (0.14 Å), but much larger than that for a N,Ndimethylcarboxamide (0.05 Å), consistent with the reduced electron donation from the N atom into the carbonyl group. Further evidence of an attractive interaction in 12 comes from the orientation of the dimethylamino group, so that the theoretical axis of the N atom's lone pair axis lies at 15.1° to the vector between peri nitrogen and carbonyl Figure 2 . Hydrogen bonding of molecules in chains in polymorph 11A and 12 carbon atoms. The crystal packings in 11 and 12 involve hydrogen bonding linking the amide groupings into chains (Fig. 2) , and for all polymorphs of 11 the hydrogen bonding links the two independent molecules in a A-B-A-B fashion. The structure of molecule 13 contains some very interesting features ( Figure 3 and 4). There is a hydrogen bond within the acyl urea grouping linking the terminal phenylamido group with the carbonyl group bonded to the naphthalene ring. Ring A Ring B Figure 3 . View of the acyl urea 13 showing the internal hydrogen bonding. This is consistent with the longer N-C(Ar) length to ring A than to ring B (1.4538 (16) However, in this case there is another factor to consider.
The phenyl ring A lies on the same side of the naphthalene plane as the dimethylamino methyl group (C19) and there is a short contact between an ortho hydrogen (H13) of the phenyl ring and a methyl hydrogen. The H----H separation is only ca. 2.28 Ǻ, which corresponds to van der Waals contact. Indeed, it is a repulsion between the phenyl and methyl groups which has led to the longer N----sp To investigate the electron-withdrawing effect of a nitro group on the throughspace electron attracting power of an alkene bond, three 1-(β-nitroalkenyl)napththalene derivatives with peri-dimethylamino groups were selected for study. The first one, 17, contained the 2-nitroethenyl group and the second one, 18, contained an additional methyl group at the terminus of the alkene. Although electronically very similar to 17 the terminal methyl group is included to modify the orientation of the alkene by steric interaction with the ortho naphthalene H atom ( Figure 4 ). It is already known that for cases where the peri interaction is weak, and the electrophilic group is either an alkene with a H atom cis to the naphthalene ring, e.g. 20, or an aldehyde such as 21, then the dominating interaction is optimisation of the conjugation of the alkene or carbonyl group with the naphthalene, so the double bond does not present a face clearly to the peri group.
We wanted to be sure to include a compound where this did not happen, given its occurrence in the nitroethenyl derivative 20. The third compound 19 is selected since it is expected to have a more electron-deficient alkene due to the combination of terminal nitro and benzoyl groups. The compounds were prepared by Knoevenagel condensation on the aldehyde 16. It was notable that the crystals of 17 and 18 were dark orange in colour, but the crystals of the benzoyl nitro compound 19 were pale yellow. Low temperature X-ray analysis revealed that the latter contained almost complete bond formation between the functional groups and had a zwitterionic structure 22. Results are displayed in Figures 5-7 , and selected molecular geometry in Table 3 . The structures of the two molecules 17 and 18, in which the peri-alkene group contains only one electron attracting substituent, adopt the E configuration and have very similar molecular conformations. The nitro and alkene groups are almost coplanar, and the alkene bond makes torsion angles with the C1-C2 aromatic bond of 50.52 (19) and 53.50 (19) o and so present a face to the dimethylamino group, in contrast to the methylthio analogue 20. The Me 2 N---C=CNO 2 separations of 2.6417 (16) In contrast, the addition of a benzoyl group to increase the electron attracting power of the double bond has led to the formation of a very interesting zwitterionic structure 22 with a new N-C bond 1.6397(17) Ǻ long. This is slightly shorter than in the zwitterion 8, where the negatively charged centre is stabilized by two coplanar lactone groups (1.651(3) Ǻ). The formal anionic centre at C12 has planar bonding geometry and is stabilized by the nitro and benzoyl substituents. Database for a carbanion stabilized by just a nitro group and one carbonyl group. In the potassium salt of carbanion 25 35 in which three coplanar groups, nitro, cyano and a carboxylic ester, stabilise the negative charge, the bond lengths involving the nitro group Figure 6 . View of the zwitterion 22 perpendicular to the naphthalene plane. 221(1) Ǻ) . 24 The length of the C12-C13 bond connecting the carbonyl group to the carbanionic centre (1.4600(19) Ǻ) is less than in a fully conjugated phenyl vinyl ketone (1.480(12) Ǻ for 8 structures at T ≤ 150 K), 24 and substantially less than in an aliphatic α-nitroketone (1.544(6) Ǻ for six structures at T ≤ 150 K). 24 In contrast to the zwitterion 22, for the uncoordinated enolate of acetophenone (as its potassium [12-crown-6 ] salt at 298 K), 36 the C=O bond is much longer (1.291 (13) (Table 1) suggests that any interaction is particularly weak, so it is perhaps not so surprising that this separation can be modified easily by external effects. This variability in the measured MeO---sp 2 C separation for 11 also suggests that while comparison of the Thus, what we report here is more "the first indication" of interactions rather than the "last word". We may add that structures for comparison should be measured at low and similar temperatures to minimize the effects of thermal motion on the derived structural geometries. Indeed, some of the structures measured in the original pioneering work 4 should now be remeasured to put the data in Table 1 on a more closely comparable basis. Lloyd-Jones has reported interesting initial investigations of estimating distances between peri-substituents using 15 N, 15 N coupling constants across hydrogen bonded amino groups, but correlation of calculated coupling constants with N,N separation was better than for the observed data. 43 While our measurements in most cases indicate a short contact between dimethylamino and electrophilic groups, they do not give direct insight into the mode of the interaction. Only in 22 is there clear evidence for bond formation. It will be studies on the topology of the total electron density, determined either by X-ray diffraction measurements or by ab initio calculations or both, which provide this, as in the alkynes studied earlier, 42 or the recent work of Akiba 19 or Lyssenko. 22 Ab initio calculations have the advantage of treating an isolated molecule without interactions with its crystalline environment. Thus, structural studies on the interactions of a carboxylic acid group or its anion with the α-nitrogen of a diazonium group in ortho-disubstituted aromatics 44, 45 have led Glaser to propose that the short contacts between these groups (O---α-N: 2.517 -2.621 Å) be described as 1,3 bridging interactions of the oxygen centre with the two atoms attached to the α-nitrogen, since it is these two atoms which bear partial positive charges, while the α-nitrogen bears a partial negative charge. 44 Nucleophilic addition is known to occur at the β-nitrogen but addition to the α-nitrogen would lead to the unstable 1,1-diazene system. 46 Orbital overlap is not the only aspect of an interaction that need to be considered, especially with charged groups. Indeed, any interaction is determined by a composition of different effects e.g. electrostatic, as is the process of developing a new bond between two groups.
It is sometimes commented that if there is an attraction between two peri-groups then they should displaced towards each other; in 12, 13, 17 and 18 the dimethylamino group is displaced towards the electrophilic group which is displaced away. However, it is a matter of point of reference. The peri-hydrogen atoms of naphthalene lie at a separation of 2.44 Å reflecting the separation of the carbon atoms (2.48 Å) to which they are attached, and the H---H distance remains outside the sum of the van der Waals radii for two hydrogen atoms. 47 The peri-disubstituted naphthalenes described here are somewhat different. The constraint applied by bonding to the naphthalene system acts to hold the groups well within the sum of their van der Waals radii, so that separations slightly greater than 2.5 Å are still well within the van der Waals separation, and only indicate that at 2.5 Å the interaction would be repulsive. It is of note that in the dicyanoethenyl derivative 7 the electrophilic group is not displaced away from the dimethylamino group and the N---C separation is 2.413 Å. In summary, crystallographic studies are useful for identifying the existence of possible interactions, but these are only given credibility by multiple observations, and the underlying effects comprising the full interaction can only be more clearly unravelled by calculations and accurate electron density measurements. However, there is no substitute for experimental observations.
Experimental.
General. NMR spectra were measured on a JEOL JNM-EX270 spectrometer at 270
MHz for 1 H and at 67.8 MHz for 13 Dimethylamino-1-naphthoyl)-N,N'- *Assignment supported by H/C correlation spectra.
N-(8-

X-ray Crystallography.
All structures were solved and refined with SHELX-97. 49 Non-hydrogen atoms were assigned anisotropic displacement parameters. H atoms positions were located and refined with isotropic displacement parameters. Molecular geometry calculations were made with PLATON, 50 and illustrations were made ORTEP-3 51 and POVRAY. 
